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FOR TUE J”URx*r, OP TBE FRANliLIN II%TITllTE. 

Remuks relating to the Storm of M(rrcA 17111, 1838. BY JAMES P. ESPY. 

PART I,-CONDEKhED ST.ATEMk.XT OF THE FACTS. 

Tt appears from the facts detailed in the report of the committee on 
Meteorology*, that a storm of rain and snow of great violence was raging 
on the 17th of March, reaching N.E. and S.W. from the Western extremi- 
ty of N. Carolina to the N.E. extremity of Pennsylvania-and in a N.W. 
and S.E. direction, from about the middle of Ohio, to the Eastern extremity 
of N. Carolina, and East and West from beyond Lexington, Kentucky, 
to some distance into the Atlantic beyond the Eastern shore of Maryland. 
The storm was much the greatest on the 17th, and its boundaries on this 
day about noon, have been represented by the middle circle in the map 
accompanying the report of the committee. This storm moved along the 
surface ot the earth nearly towards the East. 

It appears that the Barometer fell on the 17th in all places near the cen- 
tre or far within the boundaries of the storm-and rose in many places 
near its borders, and beyond them; especially in the extreme W. and NE. 
(see Lexington, and Montreal, and Providence, and Middletown.) 

It appears also-w hat might naturally be expected from the fall of the 
Barometer within the storm-that the wind at the borders and for some dis- 
tance beyond, blew inwards, towards the storm. The information which 
we have at present does not enable us to know whether the Barome- 
ter stood lowest in the very middle of the storm or not. If it did-and 
there were no general currents In the atmosphere to produce oblique forces, 
the laws of dynamics justify us in expectin, u the wind in such case to blow 
inwurds from the circumference, exactly towards the centre, just as we 
would expect the wind to blow outwards from the centre of a storm-if 
there was any cause in nature to make the Barometer stand constantly 
higher at that point than in the circumference. 

By casting the eye on the map accompanying the report, it will be seen 
that there is no one point at which all the arrows, if prolonged, would 
meet. There is indeed much irregularity in this respect. For example 
the arrow near Jamestown, N. Carolina, which is south of the centre of 
the storm, still shows the wind N.E.; as if the point of greatest depression of 
the Barometer, was near the southern border of the storm; somewhere in 
N. Carolina: while in the Northern part of the storm, the arrow for Silver: 
Lake, shews the wind to be N.W.; as if the point of greatest depression ot 
the Barometer was near the North part of the storm. 

And yet, if the strong winds be considered in the extreme buundaries of 
the storm, for example, Springfield and Wilmington, in Ohio, and in the 
east (all the observations from the Chesapeake to New York,) these ar- 
rows being prolonged will meet very little south of the centre of the storm; 
and, as the winds were all strong and steady, for many hours, and were 
under the general influence of the whole storm, and not affected by any 
particulw localities, they speak a language which cannot be mistaken. 

The wind could not blow thus strongly inwards for many hours without 
moving upward in the centre of convergeance: whether that was the cen- 
tre of the storm or not, and as the barometer continued to fall in the re- 
gion of the storm during the whole day, the air must have tlowetl outwards. 
from the region of the storm above even faster at first than it Bowed in- 

‘See this Journal for last month. 
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wards below, otherwise the barometer would not have fallen within the 
storm. 

The storm was so nearly round on the 16th and l’/th, that it would be 
an affectation of accuracy beyond our data, ttl give any other figure in the 
topographical chart. It was also so nearly the same size on each of those 
days that it is impossible to say on which day it covered the largest terri- 
tory, the quantity of rain and snow known on the 16th, was small, while 
that on the 17th was very great. But on the 18th, it greatly increased its 
size, (if2 remained round,) for on that day its diameter from S.W. to N.E. 
along our coast was more than 600 miles, reaching from N. Carolina, to 
Maine. Whereas on the two preceding days it was only about 500 in 
diameter. 

From the 16th to the li’th, the storm travelled towards the East or even 
a little South of East: for on the 16th there WILB considerable snow in the 
Southern part of Michigan, and on the night of the 16th, and on the l?‘th, 
there was very little snow at Meadville, Pennsylvania; though Meadville is 
on a lower latitude. But on the 18th the storm manifestly moved towards 
a point North o!‘East, for, at half past one P. M., it began to snow in Port- 
land, Maine, 2 degrees further North, than it extended while in Pennsyl- 
vania. 

Whether this extension of the storm further North, depended on the di- 
rection in which its centre was moving, or on a general widening oat of 
the storm, cannot be determined; as its southern boundaries on that day 
are not strictly defined by the facts collected. It certainly extended down 
to Lat. 38” in Long. 73O, wind still N.E. And there were strong gales 
W.S.W., about that time. from Lat 310 to Lat. 34’. Though the packet 
ship Algonquin, in Lat 37O 50’ (Long. and time of day not given) says noth- 
ing of the storm of that day -but speaks of the one on the day before, it 
would be extremely desirable to know what her log-book says of the storm 
after she took the gale E.b.N. near the Delaware Capes, at 8 A. M. nf the 
17th, and then hauled off. As she went to the South-her log would prob- 
ablv be able to answer a very interesting question which our present infor- 
maiiun leaves undetermined. 111 what direction and with what force did the 
wind blow on the South East side of the storm on the 17th.* 

This storm travelled with a velocity of about 18; miles an hour from 
beginning to beginning. It was just one day in reaching Philadelphia, af- 
ter it commenced in Ypringfield,‘Ohio; a distance ofabout 435 miles, and a 
comparison with other pOiIltB agrees well with this. 

There is one upparent anomaly worthy of particular notice. ()!I the 
N.N.E. of the storm 80 or 100 miles beyoud its extreme boundary, there 
is a region, from which the wind seems to have illown outwards in all direc- 
tions. 

Albany seems to be included in this region-and if it shall be found, 
that at Albany and the town near it 
barometer rose considerably on the morning of the I?th, one step will be 

, or perhaps as far West as Utica, the 

made in the explanation of this phenomenon, whatever may be the cause of 
this rise. 

But the two most renlarkable irregularities of all will be-found at. Mead- 
ville, Pennsylvania, and Lexingto , Kentucky. 

‘Any further information concerning this storm will be gladly received. If every 
person keeping a journal of the weather within and for some distance beyond its boun- 
dary would send a copy of it for the l&h, 16th, 17th, and 18th March, the apparent 
irregularities of this storm would probably be axplained. 
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Here the wind seemed to blow almost in a tangent to the storm. There 
is an irregularity somewhat similar to this on the South East side of the 
storm at New Garden, N.C. where the wind was N. E. all day, probably not 
strong, as the force is nnt mentioned. In short, by casting the eye on the 
chart it will appear, by directin, v the attention to the N.W. side of the 
storm, that the wind had a tendency to rotate from right to left; and again, 
if the attention be directed to the S.E. side of the storm, it will appear 
that the wind had a tendenc.y to rotate from left to right-which precludes 
the idea of a general rotation the same way-and shews that there was 
some cause which induced the wind at the extreme N.W. and S.E. and 
E. to move towards a point in the storm, south of its centre. These anom- 
alies cannot be explaiaed fully by the facts collected without the aid of 
hypothesis, and I do not perulit mysvlf to hypolhesiue. We have no ba- 
rometrical observations South of Washington; yet from the immense quanti- 
ty of rain and snow which tell in the Northwest corner of N. Carelina. 
it is not improbable that a much greater quantity fell in the Southern part 
of the storm than in the Northern. 

Besides, as the barometer fell much more at Washington city than at 
Philadelphia, and places further North, it may be that it fell still more 
further South and West. But I forbear to conjecture. 

PAHT IL-RATIONALE. 
It will not be esteemed by the reader impertinent in me to offer my views 

as to the modus operandi of nature in producing the various phenomena 
accompanying the storm of the 17th March, as detailed in the “Report” of 
the Meteorological Committee, and summed up in the preceding GGRemarks.” 

The upward motion of the air in the region of a storm, may take its com- 
mencement either from a higher temperature, or a higher dew-point. 

As the air rises in the inner portions of the storm, it is reduced in tem- 
perature by diminished pressure, a little more than one degree for every 
hundred yards of its asceot, as I have ascertained by experiment ; and 
when it has ascended as many hundred yards as the temperature of the air 
is above the dew-point. the vapour will begin to condense Into cloud, and 
give out its caloric of elasticity- this caloric of elasticity is received by 
the air in contact with the condensing vapour, and prevents the air in its 
further ascent from coolins as fast as it would, if there was no vapour in the 
air to condense ; antI, I hnd, both by calculation and experiment, that in 
ordinary states of the dew-point, it cools only one-half degree each hundred 
yard of its ascent above the base or lower part of the cloud ; and that in 
all states of the dew-point, the air in the cloud at the moment of its forma- 
tion, is expanded about 5600 cubic feet for every cubic foot of water gener- 
ated by the condensed vapour, atter makin, u allowance for the condensation 
of the vapour itself. 

This great expansion of the air in the cloud will cause a rapid ascent 
and out-spreading above, which will cause the barometer to fall under the 
cloull, and if there was no current above, it would spread out on all sides 
equally in an annztl~s, and cause the barometer to rise all round the storm, 
as much on one side as another. But as there is known to be an upper 
current always, or almost always, moving in this latitude towards the N.E. 
or E.N.E., this current will cause the out-spreading of the air to be chiefly in 
that direction, and consequently the barometer will rise chiefly on that side of 
the storm, at the very time it is falling within the storm, as it actually di 
in Connecticut and Rhode Island, while it was falling in Annapolis am Y 
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Washington City. Now if it should be found that the rise extended to 
Albany and Utica, the explanation of that remarkable phenomenon mention- 
ed before, of the winds blowing outwards in all directions from that region, 
it will be acknowledged that this is the true explanatinn of it. 

If it shonld be found that the barometer did not rise at these places, some 
other facts may yet be discovered to explain the anomaly. 

On the very great irregularities presented at Meadville and Lexington, 
I have nothing entirely satisfactory to say. To a storm of such great magni- 
tude, many irregularities might be expected. 

I have been told by those who have witnessed the phenomenon, from very 
lofty mountains, when it is raining in the valley below them, that the top of 
the cloud, which they could see spread out before them, did not exhibit a 
level plain, but many pyramidal elevations were to be seen rising consid- 
erably above the ordinary level. Now this seemed to indicate a more vio- 
lent action under those elevations than in the other parts-and if we con- 
ceive the action very great, as it is in all snmmer hail storms, in which the 
drops of water are carried up to a great height and frozen-the snow might 
not be permitted to fall down where it was generated, but be carried off to 
some distance from where it was taken up, and thrown down in such quan- 
tity as to cause, by its weight and cooling effect together, the wind to blow 
outwards in all directions from its place of descent. Many such places 
might be formed in a storm, 500 miles in diameter, and, of course, many 
irregularities be produced, similar to the one in question. These particular, 
violent, upmoring currents, and down-falls of snow by their side, would be 
very likely to occur in the neighbourhoods of hills and mountains. For, 
the air rnehing in towards the cent;e of the general storm, on coming to a 
hill, will glance np it, and, having acquired an upward motion, will be inclined 
to continue it, and thus produce the effect in question. For if the hill isvery 
lofty, as the Himalehs, the snow will be thrown down on the windward 
side ; but if it is of moderate elevation, the snow may be thrown down on 
the leeward side. In the former case the wind may be forced down the 
side of the mountain on the windward side at tbe surface of the ground, 
whilst a few hundred yards high, it may be blowing up the mountain over 
that at the surt:nce of the earth blowing downwards. This is probably the 
case in what is called the helm-wind in England. 

It is also known that a violent summer’s shower often causes the wind to 
blow outwards in all directiods from the falling shower, when a few minutes 
hefore it bad been blowing the contrary way, towards the forming cloud, 
and the wind at some considerable distance from the falling shower, still 
continues to blow towards the rain, glancing up over the out-moving cur- 
rent. In this way, new columnar clood, Q are seen to form rapidly to the 
windward of the rain clood. If, during the progress of a great storm, it 
shonld sometimes snow or rain violently, and at other times stop, with in- 
crease or diminution of wind, it might be safely inferred that some such 
action as that just described is going on. In that case, too, a person below 
the clonds may sometimes distinguish these cones, which raise their tops 
above the general level of the cloud above, tor their bases will be much 
blacker than the surrounding clouds. After all, we must wait for future and 
more abundant facts to explain these irregolarilies. 

As to the direction in which the storm moved and its velocity, we have 
but little to say; because it is entirely beyond the power of the theory to 
predict in what direction storms in general will move. It is highly proha- 
ble indeed, that very narrow storms of great violence, such as tornadoes, in 
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which the drops of rain are not permitted to fall back through the ascend- 
ing current, but are thrown outwards, at a great height, frozen into hail, 
will all be found to move in the direction of the upper-current--that is, 
westwardly, or, towards the west in the torrid zone, northwardly from the 
tropic of Cancer to latitude 30, and northeasterly, or eastwardly in the Iati- 
tude of Philadelphia. 

For the tornado cloud, forming only when the dew-point is very high- 
that is when the steam-power in the air is very great (for all storms are pro- 
duced by steam-power,) it will rise very high, and of course a large portion 
-of its upper part, being in the upper current of air, it will be pressed by 
that current in its own direction. Therefore the tornado, as long as it lasts, 
must move in that direction. But in case the rain falls down through the 
base of the cloud, as in ordinary Phowers, the descent of the rain produces 
a disturbing force below, and the accumulation of drops of rain in the cloud 
prevents the cloud from rising so high into the upper current ae in the tor- 
nado cloud,and besides the air, on the northern border of the storm being 
colder and of a lower dew-point, will, by its greater weight, have a tendency 
to press the storm towards the south, and these forces not being exactly 
known in quantity, we must wait till a patient induction from accumulated facts 
shall solve this most interesting problem. 

Another highly interesting question can only be answered by very numer- 
ous observations with the harometer. How far is the snow and rain carried 
by the out-moving current above, beyond the up-moving curren! in the mid- 
dle of the storm? 

This distance will no doubt vary with the violence of the storm. In a case 
af great violeuce, if the storm is quite narrow, the upward current in the 
middle may be so great that the snow or rain may not be permitted to fall 
in the centre of the up-moving current at all-but be compelled to pass 
outward above in all directions, and hll down in an annulus, where the barom- 
ler may even be above the mean, and rise during the fall. Something of 
this kind seems to have taken place in the present storm, in the northern 
part of Pennsylvania, extending from Sunhury and Silver lake, even as far 
down into the centre of the State as Bellefonte. For, at the two former 
places the barometer did not fall at all, and at the latter, its fall was hardly 
sensible. At these places, therefore, it is highly probable, there was no 
upward current of air, and consequently the snow which fell there, must 
have been generated at a distance. How far this fall of snow msy have 
been, not only rhe cause of the irregularities at Silver Lake and Meedville, 
which were mentioned before, and of the very gentle winds about this region, 
but also of the general tendency of the winds to move on the east and west 
side of the storm towards a point south of the centre, it is not necessary for 
me now to determine; at present it is sufficient to have pointed out this 
source of irregularity, and leave it to future investigation to determine its 
exact amount. 

Another highly importnnt question is suggested here-how far beyond 
the boundary of the &lling rain or enow iu these wide extended storms, does 
the wind blow Inwards towards the storm? And how long before the begin- 
ning of the rain or snow,does the wiud change in front of the storm? It 
seems probable that the time and distance IO which therio-blowing extends, 
will be directly as the magnitude of the storm, and the firc$ ascertained 
are favorable to this deduction. At Philadelphia the wind changed round 
hy N. to N.E. exactly 24 hours before the rain commenced. At Middle- 
town, Conn., the wind changed about 24 hours before the storm came on. 
At New Bedford and Northborough, Mass,, and at Providence, R. I., the wind 
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changed round from 30 tp 40 hours before the commencement of the snow. 
But in no case did it become so violent as to attract much attention, until 
within a few hours of the commencement of the rain or snow. I eay rain 
or snow, for in the northern parts of this storm, it was snow, and in the south- 
ern parts, rain and hail. And it is worthy of particular remark, that during 
the whole progress of this storm as f%r as our observations reach, the wind 
was most violent on the N.E. of the storm, and least violent on tbe S.W. of 
it. This is what we ought to expect from the rise of the barometer on the 
N.E. side of the storm, as mentioned before. I have in my possession 
proofs that this is the case in some other wide-extended storms; further 
investigation must decide whether it is the case in all such storms. 

Even in those very narrow storms called Spouls, I have been Informed by 
eye-witnesses that some have the trees thrown down contrary to the motion 
of the spout along the surface of the earth. Such has not been the fact in 
those spouts which I have visited. In all I found the tops of the trees on 
the south side ofthe spout lying towards the N. E., on the north side towards 
the S.E., and if occasionally trees were lying across, those underneath were 
thrown inwards and backwards, and those on top were thrown inwards and 
forwards. The Brunswick spout of the 19th June, 1835, affords a well known 
example of this, an account of which is given by A. D. Bathe, President of 
the Griard College, in the transactions of the American Philosophical Socie- 
ty, and also by Prol’essor W. R. Johnston, in the Transactions of the Phila 
delphia AcadcmJ- of Natural Sciences. 

Another remarkable Fact will not escape the observation of the reader, 
who examines with care the report of this storm. The wind on the 16th, 
before very much rain and snow had fallen, was every wbere feeble and 
irregular, and especially so in the New England states ; but on the 17th, 
when much rain and snow had already Fallen, the wind became strong, and 
the irregularities nearly ceased. So on tbe western border of the storm, at 
Wilmington, for instance, the wind was much stronger on the 17th than it 
had been on the 16th. 

The several links of our chain of argument may now be exhibited in jux- 
taposition. 

1. The air did blow inwards towards a region not far from the southern 
border of the storm. 

2. The air did therefore ascend over that region. 
3. It cooled a little more than,one degree of Fahrenheit for every bun- 

dred yards of its ascent, as is known by experiment. 
4. When it ascended as many hundred yards as the temperature of the air 

was above the dew-point, the vapour in the air would begin to condense 
into cloud. 

5. When the vapour began to condense, its caloric of elasticity would he 
given out to the air in contact with the condensing vapour. 

6. This caloric of elasticity would change the law of cooling, in ordinary 
states of the dew-point, from one degree for a hundred yards of the ascent 
to one-half a degree, SO that the air in the cloud was one-half a degree 
warmer than the air on the outside of the cloud, for every hundred yards 
above its base. 

7. The specific gravity of the cloud will thus he less than that of the air 
at the same height, a quantity which can be calculated if the dew-point and 
the height of the cloud are given, 

+ It has since been ascertained that the wind on the 17tb, was extremely violent all 
day at Emmitsburg, Maryland, from N. to NW. 

VOL. XXLL-No. 4.-0CToBEK 1838. 20 



230 Franklin Institute, 

8. The air in the cloud will therefore move upwards in the middle, and 
outwards above, and inwards below, with a depression of the barometer 
under the cloud, and a rise all round the cloud, produced by the outspread- 
ing of the air above. 

9. If the depression of the barometer is given, the velocity ot the up- 
ward motion will be known, at least in the case of tornadoes or spouts. 

10. If the velocity of upward motion is known, the quantity of vapour 
condensed in a given time is known. 

11. The commencement of this upward motion may depend either on a 
higher temperature, or a higher dew-point than in surrounding regions. 

12. The barometer would probably rise more on the N.E. side of the 
storm than on any other side, on account of the general motion of the up- 
per portion of the atmosphere, being towards the N.E. in this latitude, 

Franklin Institute. 
Circular of the Commiltee on Meteorology. 

%x-The occurrence of a storm of unusual violence, on or about the 11th 
of September, current, induces the committee again to address their cora 
respondents and others who may feel an interest in the promotion of Sci- 
ence, to request of them such information as they may be able to furnish 
upon the following points; 

1st. When did the storm inlmediately preceding the 13th September 1838, 
commence and terminate? 

2nd. In what direction did the wind blow, and with what force during 
the storm? 

3rd. Was there much or little rain? If the observer was beyond the houn- 
dary of the storm, how did the wind blow as to strength and direction du- 
ring the 11th 12th, and 13th? 

Should the committee receive such answers to their questions as may en- 
able them to ascertain the chief phases of this storm, it is their irltrntion 
to publish a report of the same, which they will have pleasure in transmit- 
ting to you. 

The reports received relative to the storm of the 16th, 17th and 18th of 
March last, have been collate?, and will be published in a few days, ac- 
companied by a map of the Umted States, upon which is delineated the ap- 
parent path of the storm; copies of the report and the map, will be forward- 
ed to the correspondents of the committee at an early day. 

Any further facts relating to this dorm, particularly from Maryland, Vir- 
ginia or North Carolina, will be highly acceptable. 

Communications to be addressed to William Hamilton, Actuary-Frank- 
lin Institute, Philadelphia. ROBERT DUNGLESON, 

ALEX. DALLAS BACHE, 
JAIIES P. ESPY, I 
CHAIILES N. BAXCKER, 
JOHN K. KANE, 
HENRY D. ROGF.RS, 
SEAN C. WALKER, 
ROBERT M. PATTEWON, 
JOHN C. CHESSON, 
GOUVERNER EMERSON. 

Philadelphia, September 18tl1, 183& Committee on Meteorology, 


